To minimize the mismatch between the inadequate capacity of municipal solid waste management (MSWM) services caused by substantially increasing municipal solid waste and the rising demand for h igher environ mental quality in central China, this paper emp loyed choice experiment method to estimate the willingness to pay of households to improve MSWM services. Based on household survey data from t wo cit ies, the estimat ion results reveal that households, in general, are willing to contribute extra money for the improvement of MSWM services and there is considerable preference heterogeneity across households and cities. Households in Nanchang tend to focus on frequency of waste transportation while households in Anqing prefer frequency of waste collection. Household income, household size, householder age, and especially environ mental attitude, are important sources of preference heterogeneity. On an average, households in Nanchang and Anqing are willing to pay 25.632 CNY and 13.275 CNY per month for the imp roved MSWM services respectively.
Introduction
Municipal solid waste management (MSWM) is a major challenge in urban areas throughout the world, especially in the rapidly growing cities of developing countries [1, 2] . As the largest developing country, rapid economic development, rising urbanized population and changed life style have substantially accelerated the volume of municipal solid waste (MSW) generated in China [3, 4] . Almost two thirds of cities are besieged by garbage, most MSW is disposed in landfills and the remainder is covered or heaped in China [5, 6] . Open-air stinking wastes that have not yet been disposed of in many residential areas provide breeding grounds for houseflies, mosquitoes, vermin, and mice. Environmental pollution-related and infectious diseases arising from poor waste management still account for a non-negligible position in ill-health and death. Waste has become a severe threat to public health and environmental quality, and even a serious social problem. Unfortunately, constrained by the limited financial resource from government alone, the capacity for waste management has not kept pace with the growth rate of waste generation. As safe disposal in 1990 was highly limited, the safe disposa l rate reached only 53% in 2006 [7] . Accomplishing an effective MSWM system should be a priority for the governments of all cities in China in the years to come [8] .
A considerable number of studies have attempted to analyse MSWM in China [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Most of these studies either are correlated with the current situation, challenges and suggestions in regard to MSWM systems across regions, or focus on evaluating the MSWM services of different areas from a macro perspective. These important studies indicate the direction for the development of MSWM through a supply-driven approach. However, to what extent does current waste management system provide services that matched households' preferences? It's a critical issue that local authorities should design the MSWM systems considering the preferences or willingness to pay (WTP) of households for the characteristics of services and the technology restrictions of service providers. Recently, some researches have turned to analyse the MSWM services using the demand-responsive approach. For instance, Chu and Xi [17] found that households have different preferences over municipal solid waste collection (e.g., collection frequency and location of containers). Even though they have to pay extra money privately, most households are willing to improve MSW source separation facilities [18] . In a closely related paper, Wang and He [19] employed a contingent valuation method to estimate the households' WTP for an improved MSWM program. They found that a household in Eryuan (a county in southwest China) is willing to pay approximately 17.1 CNY per month for the improved MSWM program on average. This important work, however, does not disentangle what characteristics or attributes of MSWM services households are more willingness to pay and are there preference heterogeneities on improving MSWM services across households and areas.
This study extends the literature by applying a stated preference choice experiment (CE) technique to estimate households' willingness to pay for improving MSWM services in two cities of central China. Specifically, the detailed objectives of this research are listed below.
(1) Elicit households' valuation for the improved MSWM services and implicit price for each attribute. (2) Identify the factors that influence households' WTP for improving MSWM services. (3) Carefully examine the preference heterogeneities across households and areas and explain the potential source of heterogeneity. The contribution of this study to the literature is twofold. Firstly, although six studies have employed CE method to estimate households' WTP for improving MSWM services [20] [21] [22] [23] [24] [25] , to our best knowledge, this is the first CE study taking preference heterogeneity into consideration on the economic value of MSWM services through random parameter logit model. Secondly, the CE presented in this paper is the only one study that evaluates households' WTP for improving MSWM services in mainland China. Consequently, facing severe challenge of increasing MSW and budget constraints, the non-market valuation can timely provide the authorities with demand-side information to prioritise the MSWM policy instruments which are preferred by most residents.
Methods

The choice experiment
The choice experiment method is consistent with utility maximisation and demand theory [26] , which has been widely used in non-market valuation. The CE method assumes the observable utility function is linear in parameters and additively separable, and the probability that one individual chooses a particular alternative is a function of the attributes of that alternative and the characteristics of that individual [27] . Different assumptions of the distribution of random error term yield different choice models. When assuming the random error term is independently and identically distributed (IID) across alternatives and individuals , standard multinomial logit (MNL) model is obtained. But when IID assumption is violated, random parameter logit (RPL) model can be used.
Once parameters of the above choice model are estimated, implicit price for a change in the level of a single attribute can be obtained by dividing the coefficient of that attribute by the coefficient of payment attribute [28] . When all attributes have increased their levels from initial state to subsequent state, overall WTP for an improved scenario can be calculated.
Experiment design
This process began with gathering opinions from waste management official, experts in environmental issues and urban residents along with reviewing the literature. After a collection of background information, a series of focus group discussions were conducted to identify potential perspectives upon the attributes of MSWM and their levels as well as other related issues. Four attributes of MSWM are included in final CE survey (see Table 1 ). Generally, MSWM also has an attribute of waste disposal, but in pretest survey local households universally express little concern about waste disposal and think waste disposal are too far away from them and would not affect their quality of life. The suggested attribute levels are displayed in Table 1 . Once attributes and attribute levels were determined, a fractional factorial was conducted [27, 29] . Using the orthogonal design in SPSS 20.0, 12 choice sets were left after dominant and implausible alternatives were removed from the design, but orthogonality was reserved. The 12 choice sets were averagely divided into two blocks, and each respondent was exposed to one version only. Each choice set contains two alternatives and an option to keep the status quo.
A pilot test was conducted with a group of 20 respondents to check for respondents' understanding on the MSWM, choice context, adequacy of the attributes and levels considered, and other factors such as the wording, format and length of the questionnaire. Apart from choice experiment module, the final version of questionnaire included another two modules. Before choice experiment module, questionnaire contained questions on the respondents' knowledge, attitudes and awareness toward environment and MSWM in general. During choice experiment period, we reminded respondents that: please choose each choice set separately; when choose alternative A or B, you have to pay an incremental monthly fee for the improved MSWM services in addition to your existing payment; the money you spend on this additional fee would not be available for other household expense. And the last module consisted of items on socio-economic information of respondents.
Study sites and data collection
The study sites were two inland cities (Nanchang and Anqing), which are situated in central China. Nanchang is the capital of Jiangxi province, which has a higher level of economic and social development than Anqing. However, in those areas, the capacity of MSWM cannot keep pace with the sharp increase of municipal solid waste generated. The limitation on financial budget and the increasing real operational cost of MSWM have made it tougher to dispose of solid waste in many communities. The heaped waste that has not received timely treatment poses a serious threat to environmental quality and human health, especially in summer when the speed of waste rotting is particularly fast. As a result, the demand of households for improving the MSWM services is dramatically rising.
On July 5, 2013, after a systematic training session was held for the interviewers, the survey was put into field. We employed face-to-face personal interviews as our survey mode in each city. In order to limit interviewer bias the interviewers followed a random route procedure to select respondents. The starting point was randomly determined by dicing and then every third household was visited. Since waste is collected and paid for at the household level, we chose the household as the unit of analysis and selected the head of household as respondent in each household. Overall, 240 attempts were made and 182 interviews were completed on August 20, 2013. After removing 7 protest bids (3 respondents indicated -the government should pay for this‖, 3 respondents indicated -I don't believe the policies would actually happen‖, and 1 respondent indicated -the fee rises too much‖), the remaining 175 questionnaires were used in the following analysis (see Hanley et al.) [30] . More information on the number of samples in each city was reported in Table 2 . The descriptive statistics of the respondents were presented in Table 3 . Across the two sub-samples, the social and economic characteristics of each sub-sample were similar to the city averages with the exception of age and household size in both sub-samples and household income in Anqing sample. The former was mainly due to the fact that the population mean was calculated based on all the people in city while the sample only included heads of households. With respect to household size, the sample mean was higher in each city because a certain proportion of persons in respondents' households were from countryside or even did not have -hukou‖ (household registration). The slightly lower income level of Anqing sample may be explained by the big gap between the rich and the poor in Anqing and the sample was happening to consist of more poor people. As regard to attitudinal characteristics, the environmental knowledge of respondents in Nanchang was considerably more than that in Anqing. The respondents' environmental awareness and their neighbors' environmental awareness in Nanchang were also higher than those in Anqing, but the differences were small.
Results and discussion
Social, economic and attitudinal characteristics of the respondents
Estimation results of choice experiment
Initial descriptive statistical analysis showed that the sample was representative of the population. Variables used in the choice models and their definition and coding were presented in Table A2 . Note that the software used to undertake these estimations was Nlogit 4.0.
The results of multinomial logit (MNL) model.
Two different MNL models were estimated for Nanchang and Anqing data sets (see Table 4 ). The first model was a basic specification that showed the importance of the choice set attributes in explaining respondent's taste for different options, and the second model, on the basis of the first model, additionally included socio-economic and attitudinal variables by interactions with alternative specific constant (ASC). In model 1 for each data set, the coefficients on ASC and all attributes have expected signs and are significant at the 10% level or less except the insignificant coefficient on ‗frequency of waste collection' from Anqing data set, which indicates that respondents across the two cities, in general, are concerned about the improvement of attribute levels and a relatively reasonable experimental design we have. The model fit of model 2 for each data set is improved by incorporating the interaction terms. Model 2 is highly consistent with model 1 in terms of signs and significance of attribute coefficients. It reveals that assuming other factors remain constant, improving the levels of ‗waste classification', ‗frequency of waste collection' and ‗frequency of waste transportation' would increase respondents' utility while increasing the fee would decrease their utility. But respondents from different data sets have different preferences for attributes, e.g., respondents in Nanchang tend to focus on ‗waste classification' and ‗frequency of waste transportation' while respondents in Anqing are inclined to ‗frequency of waste collection'. It should be noted that the coefficient on ‗frequency of waste collection' has the largest value but is not significantly different from zero at the 10% level in Anqing data set, and its accuracy and reliability deserve the following further study.
The interaction terms have different signs and significance across the two data sets. Model 2 for Nanchang manifests respondents who have higher household income , more environmental knowledge, higher awareness of environmental protection, or more positive subjective perception of the environmental behaviors of their neighbors are willing to pay more for improving MSWM services, ceteris paribus. As to Anqing data set, education, household income, environmental awareness, and subjective perception of the environmental behaviors of neighbors have significantly improved households' willingness to contribute money. These findings are consistent with previous studies [20, 21, 31, 32] . However, older people in Anqing are more reluctant to pay, which is intuitively correct since older people have low level of environmental awareness and are more conservative in spending in China.
Despite widely used, MNL model has severe limitations with respect to the well-known assumption of independence of irrelevant alternatives and its ability to capture random taste heterogeneity across individuals [33, 34] . Hence, we will move to apply a less restrictive and more flexible model to the following analysis.
The results of random parameter logit (RPL) model.
As RPL model tends to be unstable and identification issues arise when all coefficients vary over the population, the coefficient on fee is fixed while other coefficients are allowed to vary in our analysis (see Goett et al., Revelt and Train) [35, 36] . Considering some respondents may be satisfied with the status quo, e.g., respondents need not have to spend time and energy on waste separation nor have to pay extra money, we specify the coefficients on ‗waste classification', ‗frequency of waste collection' and ‗frequency of waste transportation' to be normally distributed. Attributes showing insignificant standard deviation are then respecified as nonrandom parameters. At last, ‗frequency of waste collection' and ‗frequency of waste transportation' are specified as random parameters and other variables remain nonrandom parameters in estimation models for the two data sets. To identify the potential sources of heterogeneity, random parameters are interacted with socio-economic and attitudinal variables. Initially, all possible interactions are put into estimation model for each city and finally only interactions that are significant at the 10% level or less are retained. The estimation results are shown in Table 5 .
The estimation of RPL model results in considerable improvement of model fit over the MNL model. All parameter estimates related to the attributes and ASC are statistically significant and have the expected signs including the ‗frequency of waste collection' for Anqing data set, on which the coefficient is insignificant in the MNL model. The ASC and ‗waste classification' are nonrandom parameters for the two cities, implying that respondents generally agree to improve the services of MSWM at the expense of extra spending and waste separation, which is out of our expectation. One possible explanation is that, along with the increasing negative impacts of waste on residents and vigorously publicizing waste separation from government and environmental organizations, households are gradually aware of the necessity of improving MSWM services.
For Nanchang data, the RPL model reveals that, even though the respondents derive significantly positive utility from ‗frequency of waste collection' and ‗frequency of waste transportation' on average, the standard deviations for these two attributes are both significant, indicating that there are heterogeneous preferences for these two attributes. The interaction results show that respondents with higher household income demand MSWM program with higher level of ‗frequency of waste collection'. Those respondents having higher awareness of environmental protection prefer MSWM program with higher level of ‗frequency of waste collection' and ‗frequency of waste transportation'. Finally, respondents having more environmental knowledge or more positively evaluate their neighbors' environmental behaviors attach higher utility to MSWM program which has higher level of ‗frequency of waste transportation'. On the whole, it is environmental concern, rather than household income, that contributes to explain the heterogeneous preferences for MSWM attributes. In Anqing, the RPL model shows that the mean values and standard deviations for ‗frequency of waste collection' and ‗frequency of waste transportation' are significant, suggesting the presence of heterogeneity in preference for these two attributes. In addition, the standard deviation parameter for ‗frequency of waste transportation' exhibits considerable variability, meaning that some respondents derive negative utility from higher level of this attribute. Respondents who have higher household income, or who are younger, prefer MSWM program with higher level of ‗frequency of waste collection'. Whereas those who receive higher education, or who have more positive subjective perception of the environmental behaviors of their neighbors tend to choose MSWM program that has higher level of ‗frequency of waste transportation'. Finally, household size and environmental awareness significantly increase the preference of respondent for MSWM program with higher level of both ‗frequency of waste collection' and ‗frequency of waste transportation'. These findings are similar to other scholars' conclusion that household size and environmental awareness effectively improve the WTP of households for MSWM program with sufficient waste separated collection [18, 37] . Nevertheless, in contrast with the findings in Nanchang, environmental knowledge has played an insignificant role in explaining attributes preference in Anqing, indicating that only high levels of environmental knowledge matter.
Welfare estimates
Once we have obtained the results of choice model, welfare measures can be estimated. The implicit prices for MSWM attributes are calculated using the results of MNL models (Model 2) and RPL models (see Table 6 ). And the confidence intervals for the implicit price measures have been calculated using the delta method. As can be seen in Table 6 , compared to the estimates of implicit prices derived from the MNL models, the resulting implicit prices derived from the RPL models are consistently larger except the implicit price for waste classification attribute in Nanchang data set. A similar result has also been reported by Revelt and Train [36] , and Sillano and Ortú zar [38] , which is related to the fact that RPL model decomposes the unobserved utility and normalizes parameters on the basis of part of the unobserved utility. Furthermore, we can find larger confidence intervals for implicit prices in the RPL models, corresponding to those in the MNL models, reflecting the substantial variations in respondents' preferences for these attributes. Considering the MNL models have restrictive assumption and their model fits are worse than the RPL models', our following analysis is based on the results of RPL models. An implied ranking of attributes in terms of respondents' preference for each data set can be derived. ‗Frequency of waste transportation' is the highest ranked attribute in Nanchang while ‗frequency of waste collection' is the highest ranked attribute in Anqing. As ‗waste classification' requires households to spend time and energy on waste separation at the household level, it is the lowest ranked attribute in the two data sets. Furthermore, as showed in Table 7 , on an average, households in Nanchang are willing to pay 25.632 CNY per month for the improved MSWM services while the WTP of each household in Anqing is 13.275 CNY per month. The big gap on WTP for the improved MSWM services between Nanchang and Anqing is caused by the imbalance development of the society and economy a cross regions in China. In addition to relatively affluent income, more importantly, households in Nanchang have a higher level of environmental concern, which has an appreciable impact on increasing households' WTP for improving MSWM services (see Table 3 , 4 and 5). In addition, we also compared our WTP estimates with previous researches in other countries or areas (see Table 8 ). There is some space for increasing the level of garbage treatment fee, which is both the precondition for sustaining MSWM and the incentive mechanism for residential waste reduction. 
Conclusions and Implications
This paper was motivated by providing policy-makers with additional information to adopt appropriate MSWM measures to improve the poor environmental quality of urban households in central China. In this study, the CE technique was employed to elicit households' preferences for various improved MSWM alternatives in two cities.
The results from MNL models suggest that even though households have different preferences for MSWM attributes across the two cities, households in each city are generally willing to contribute extra money for MSWM services associated with higher levels of attributes. In order to obtain more reliable results and figure out the presence of unobserved heterogeneity in the preference for MSWM attributes, RPL model was specified for the respondents from each city. The findings support that the possible sources of heterogeneous preferences for ‗frequency of waste collection' and ‗frequency of waste transportation' are multiple household characteristics. Social-economic characteristics and especially environmental attitude are critical factors that stimulate households willing to pay extra money for improving attribute levels of MSWM services.
We further obtained implicit price measures for MSWM attributes and WTP measures for the improved MSWM services of the two cities. Households in Nanchang are willing to pay more for the higher level of ‗frequency of waste transportation' while households in Anqing are willing to pay more for the higher level of ‗frequency of waste collection'. In general, households in Nanchang and Anqing are willing to pay 25.632 CNY and 13.275 CNY per month for the improved MSWM services respectively. This information is important for the Environment Protection Agency to determine which MSWM options will provide the greatest benefits to the widest households in the two cities where financial resources are limited and conflicting development interests exist. However, it is important to note that actual decision is a more complex process, which needs more cost-benefit information and valuation criterion.
